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ABSTRACT 
 
 
 
 
Three series of phosphate glass with composition (59.5-x)P2O5-40MgO-
xAgCl-0.5Er2O3 (0.0≤x≤1.5 mol%), (59.5-x)P2O5-40MgO-xAgCl-1.5Er2O3 
(0.0≤x≤1.5 mol%) and (69.7-x)P2O5-30MgO-0.3Er2O3-xAgCl, where x=0 or 0.5 
mol% were prepared using melt quenching technique. The amorphous nature of the 
glass was confirmed using the X-ray diffraction (XRD) method. The homogeneous 
distribution of spherical Ag nanoparticles (NPs) (average size of 37 nm) in the glassy 
matrix was evidenced from the transmission electron microscopy (TEM) analyses. 
The UV-VIS-NIR absorption spectra showed 7 bands corresponding to 4I13/2, 4I11/2, 
4I9/2, 4F9/2, 4S3/2, 2H11/2, 4F7/2 transitions. The absorption spectrum of Er3+ ions free 
glass sample containing Ag NPs displayed a prominent surface plasmon resonance 
(SPR) band located at ~528 nm. The infrared to visible frequency up-conversion 
(UC) emission under 797 nm excitation showed two emission bands of green (4S3/2-
4I15/2) and red (4F9/2-4I15/2) corresponding to Er3+ transitions. An enhancement in UC 
emission intensity of both green and red bands was observed in the presence of silver 
NPs either by increasing annealing time or by NPs concentration. The enhancement 
of UC emission was understood in terms of the intensified local field effect due to 
silver NPs. For first series of samples, the Judd-Ofelt parameters (Ω2, Ω4 and Ω6) 
were calculated and were found to lie in the range (8.05-9.20) ×10-20 cm2, (2.00-2.58) 
×10-20 cm2 and (1.05-2.30) ×10-20 cm2 respectively. These parameters were used to 
estimate the important parameters such as radiative transition probability (A), 
stimulated emission cross-section (ߪ௉ா), radiative life time (τR) and branching ratio 
(βR) for the excited levels of Er3+ ions in the glass. Furthermore, the value of Ω2 for 
the studied glasses was found to be higher than that of glasses reported in the 
literature. These relatively higher values of Ω2 reflect low symmetry and high 
covalency around the Er3+ ions. These phosphate glass nanocomposites can be 
potentially used as photonic and plasmonic materials. 
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    ABSTRAK 
 
 
 
 
Tiga siri kaca fosfat dengan komposisi (59.5-x)P2O5-40MgO-(x)AgCl-
0.5Er2O3 (0.0 ≤ x ≤1.5 mol%), (59.5-x)P2O5-40MgO-(x)AgCl-1.5Er2O3 (0.0≤ x ≤1.5 
mol%) dan (69.7-x)P2O5-30MgO-0.3Er2O3-(x)AgCl, dengan x = 0 atau 0.5 mol% 
telah disediakan menggunakan teknik pelindapan leburan. Sifat amorfus kaca telah 
ditentusahkan menggunakan kaedah pembelauan sinar-X (XRD). Zarah sfera Ag 
bersaiz nano dengan saiz purata 37 nm di dalam matrik kaca yang tertabur secara 
homogen dapat dilihat di bawah melalui mikroskop transmisi elektron (TEM). 
Spektra penyerapan UV-VIS-NIR menunjukkan tujuh jalur yang berpadanan dengan 
transisi 4I13/2, 4I11/2, 4I9/2, 4F9/2, 4S3/2, 2H11/2, 4F7/2. Spektrum penyerapan kaca tanpa Er3+ 
menghasilkan jalur resonan plasmon permukaan (SPR). Up-conversion (UC) pada 
julat lembayung boleh nampak di bawah pengujaan 797 nm menunjukkan adanya 
dua jalur pancaran iaitu hijau (4S3/2-4I15/2) dan merah (4F9/2-4I15/2). Pertambahan 
keamatan pancaran UC bagi kedua-dua warna hijau dan merah dapat dicerap dengan 
kehadiran zarah nano Ag sama ada dengan pertambahan masa sepuhlindap atau 
pertambahan kepekatan zarah nano. Pertambahan pancaran UC dapat difahami 
kerana terdapatnya kesan medan setempat disebabkan oleh zarah nano Ag. Untuk siri 
sampel pertama, parameter Judd-Ofelt (Ω2, Ω4 and Ω6) telah dihitung dan didapati 
masing-masing bernilai dalam julat (8.05-9.20)×10-20cm2, (2.00-2.58)×10-20 cm2 dan 
(1.05-2.30)×10-20 cm2. Parameter ini kemudian digunakan untuk menganggarkan 
kebarangkalian peralihan radiatif (A), keratan rentas pancaran terangsang (ߪ௉ா), 
jangka hayat radiatif (τR) dan nisbah cabangan (βR) untuk aras tenaga teruja dalam 
kaca. Tambahan lagi, nilai Ω2 bagi kaca yang dikaji didapati lebih tinggi berbanding 
dengan kaca lain yang dilaporkan. Nilai Ω2 yang secara relatifnya lebih tinggi 
mencerminkan simetri yang rendah dan sifat kovalen yang tinggi di sekeliling ion 
Er3+. Komposit nano kaca fosfat berpotensi untuk digunakan sebagai bahan fotonik 
dan plasmonik.  
